Functional traits vary among fleshy-fruited invasive plant species and their potential avian dispersers by Bitani, N. et al.
Acta Oecologica 108 (2020) 103651
Available online 23 September 2020
1146-609X/© 2020 Elsevier Masson SAS. All rights reserved.
Functional traits vary among fleshy-fruited invasive plant species and their 
potential avian dispersers 
Nasiphi Bitani, David A. Ehlers Smith, Yvette C. Ehlers Smith, Colleen T. Downs * 
Centre for Excellence in Invasion Biology and Centre for Functional Biodiversity, School of Life Sciences, University of KwaZulu-Natal, Private Bag X01, Scottsville, 
Pietermaritzburg, 3209, South Africa   






A B S T R A C T   
Habitat fragmentation has a multitude of negative effects on biodiversity, including the facilitation of alien plant 
invasion. Of concern in South Africa is the spread of fleshy-fruited invasive plant species, which in many places 
are replacing indigenous vegetation in frequently disturbed and fragmented habitats. The availability of dis-
persers is among the most important factors for the successful invasion of fleshy fruited invasive plant species. 
Dispersers differ in their dispersal capacity, and the success of frugivore dispersed plants depends both on animal 
and plant traits. Here, we used the functional traits of fleshy-fruited invasive plants to test for specific associa-
tions with avian functional traits in Indian Ocean Coastal Belt Forests, KwaZulu-Natal Province, South Africa. We 
predicted that fleshy-fruited invasive plant species that were more likely to persist in disturbed Indian Ocean 
Coastal Belt Forests were small-seeded, open habitat species with longer fruiting period lengths. The use of 
multivariate analyses showed that avian seed dispersers and fleshy-fruited invasive plant species differed in the 
functional traits between species with each group (i.e. plants and avian dispersers) that were important for seed 
dispersal. For fleshy-fruited plants, morphological traits (seed size, fruit size) and phenological traits (fruiting 
period length) were more variable between the species. For avian species, the variation was in their morphology 
(body size, gape width, bill length), abundance and habitat specificity. As predicted, avian species that were 
potentially dispersing invasive plants were forest generalist and relatively abundant species persisting in the 
fragmented forest. Fleshy-fruited invasive plant species that were predicted to be effectively dispersed were 
small-seed, open habitat species with longer fruiting length including lantana (Lantana camara), white mulberry 
(Morus alba), Brazilian pepper (Schinus terebinthifolius) and bugweed (Solanum mauritianum). Overall, our study 
showed that easily measured traits were important for understanding forest invasion dynamics and give insights 
to management strategies that can be developed to minimise further infestations.   
1. Introduction 
Habitat fragmentation is presently one of the most threatening im-
pacts on forest ecosystems worldwide, impacting biodiversity and 
recruitment of organisms (Levey et al., 2005; Niu et al., 2018). This leads 
to altered ecological processes, changes in species composition, and 
reduced functional diversity (McConkey and O’Farrill, 2016; Bovo et al., 
2018). Human activities are isolating and decreasing the sizes and 
quality of forest habitats creating disturbance zones that are associated 
with increased invasion rates (Gosper et al., 2005; Balaguru et al., 2016). 
Biological invasions disturb ecosystem functioning and are associated 
with negative socio-economic impacts (Liebhold et al., 1995), and as 
such are a major threat to biodiversity (Wilson et al., 2013; Blackburn 
et al., 2019) and human livelihoods (Wilson et al., 2013). Like other 
parts of the world, forests in South Africa are under threat of alien 
invasive plants (Mucina et al., 2006; Niu et al., 2018). Increased human 
dominance surrounding forest patches, economic pressures, 
high-intensity agriculture, growing human needs (Mucina et al., 2006) 
and urbanisation (Cho et al., 2015) are among the factors that relate to 
disturbance of the South African forests. Seed dispersal is critical for the 
maintenance of plant communities (Jordano et al., 2007; Wilson and 
Downs, 2012a, b), colonisation of new sites (Russo et al., 2006), alien 
invasions (Buckley et al., 2006) and has important management impli-
cations (Spiegel and Nathan, 2007). Seed dispersal is particularly 
important for tropical and sub-tropical ecosystems as 90% of fleshy 
fruiting plants rely on frugivores for dispersal (Howe and Smallwood, 
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1982; Wilson and Downs, 2012a, b). Frugivore-mediated dispersal de-
posits seed away from parent and siblings reducing competition and 
predation rates leading to colonisation of new sites given that they are 
suitable for establishment (Gosper et al., 2005; Lindgren et al., 2018). 
Alien invasive plant species have reproductive strategies to favour their 
integration to local seed dispersal networks (e.g. small seed sizes, large 
crop sizes) resulting in increased invasion risks (Voigt et al., 2011; 
Jordaan et al., 2011). Many invasive plant species are predominantly 
dispersed by native bird species and therefore influence conservation 
concerns (Gosper et al., 2005; Dlamini et al., 2018). Their functional 
traits determine species’ responses to disturbance and their effects on 
ecological processes; hence, functional traits provide an alternative 
approach to understand ecological processes (Gosper et al., 2005; da 
Silveira Ponte et al., 2015; Carmona et al., 2016). Seed dispersal is 
dependent on both animal and plant traits (Jordano, 2000; Quintero 
et al., 2020). The traits of a disperser influence the quality and quantity 
of dispersal received by the plant that includes which, when and how 
many seeds are dispersed and their germination success (Schupp, 1993; 
Buckley et al., 2006; Jordano et al., 2007). These include frugivore 
movement (McConkey et al., 2012), dietary composition (Jordano, 
2000; Novak et al., 2018), frugivore body size (Kitamura et al., 2002), 
feeding technique, and gape width (Jordano, 2000; Symes and Downs, 
2001). Plant traits that can influence the probability of dispersal include 
fruit morphology, seed size, crop size and fruit density (Gosper et al., 
2005), number of seeds per fruit, fruit size (Jordano, 2000), fruit colour 
(Richardson et al., 2000), and plant height (Blendinger and Villegas, 
2011). Ecological processes that are mediated by species’ interactions 
are most suitable for using a functional trait approach as it allows for 
comparing species traits of interacting species (Dehling et al., 2016). 
Invasion by fleshy-fruited invasive plant species is a major problem 
in South Africa (Henderson, 2001; Thabethe et al., 2015). These species 
are predominantly bird-dispersed in forest systems (Henderson, 2007; 
Mora and Smith-Ramírez, 2016). Our present study focused on 
fleshy-fruited invasive shrubs and trees with distributions that over-
lapped with the Indian Ocean Coastal Belt Forests in South Africa. Un-
derstanding how alien invasive species invade new habitats is critical 
(Cordeiro et al., 2004) particularly in South Africa as a high proportion 
of biodiversity is supported by forests relative to its small land cover 
(Henderson, 2007; Wilson and Downs, 2012 a, b). In South Africa, 
invasive species are usually managed once they are widely spread 
(Wilson et al., 2013). Therefore, developing an approach that is based on 
functional traits is valuable as it allows for the identification of possible 
interactions and is key for generalisation and management of invasive 
plants at early invasion stages and predicting future invasions. 
Trait-based approaches to seed dispersal studies are lacking and high-
light the importance of filling these gaps (Garcia et al., 2016). A pre-
dictive approach is important for conservation planning, prioritising 
forest invasion management (Balaguru et al., 2016) and reducing un-
certainty in management (da Silveria Ponte et al., 2015). 
Most studies on seed dispersal in forest systems have mainly focused 
on forest regeneration of indigenous species and not on the fleshy- 
fruited invasive plant species. To date, no study in Africa has adopted 
a functional trait approach to identify seed dispersers of alien fleshy- 
fruited plants. Here, we aimed to explore variation in functional traits 
between species of native avian dispersers and between species of flesh- 
fruited invasive plants important for seed dispersal. In this study, we 
determined the major axes of variation between a group of species 
within each group (i.e. invasive plants and native disperses). We then 
asked if the variation in functional traits can help identify mutualistic 
interactions. For this study, we predicted that fleshy-fruited alien inva-
sive plants would be dispersed by generalist bird species that persist in 
fragmented forest patches. 
2. Materials and methods 
2.1. Plant functional traits 
We selected 11 fleshy-fruited invasive plant species (Table 1) that are 
listed under the South African National Environmental Management: 
Biodiversity Act (NEM: BA), that are bird-dispersed and are invading the 
Indian Ocean Coastal Belt Forests. NEM: BA categories were provided by 
the government of South Africa after recognising the threats that are 
posed by invasive plants under the Conservation of Agricultural Re-
sources Act (CARA; Act No. 43 of 1983) (Cronin et al., 2017). Category 1 
species are prohibited, and their characteristics pose a threat to the 
environment, humans and animals. Category 2 species may only be 
grown under demarcated areas and must be controlled. Category 3 plant 
species can be grown but should not be planted or traded, and existing 
plants must be prevented from spreading (Henderson, 1995, 2001; 
Bromilow, 2010). For all plant species, we compiled eight functional 
traits (Table 2; fruit size, seed size, number of seeds, habitat type, plant 
height, invasiveness, fruiting period length and crop size) that influence 
the potential of plants to be dispersed (Gosper and Vivian Smith, 2009; 
2010; Garcia et al., 2016; Corlett, 2017). The data were compiled from 
existing literature, except for crop sizes that were unavailable in the 
literature for some species. To quantify seed fruit crop size of the plants, 
we calculated the number of seeds on three 1 m branches in a tree, 
calculated the number of branches, and measured the height and 
diameter at breast height (DBH) of the tree. For each species, these 
measurements were done for a minimum of five individuals. Invasive-
ness score categories were created using the NEM: BA categories, risk 
assessment scores and used the Global Biodiversity Information Facility 
(GBIF) for the species occurrence records in South Africa. The scores 
ranged from least invasive (= 1) to highly invasive (= 5). 
2.2. Bird species assemblage and functional traits 
To characterise potential avian dispersers for this study, we used 
point-count surveys of the Indian Ocean Coastal Belt Forests (for 
detailed avian species survey see Ehlers Smith et al., 2018) and filtered 
by frugivorous species. The avian frugivore community comprised of 58 
species (Supplementary Material Table S1). For each frugivorous bird 
species, we compiled their functional trait data that generally influences 
Table 1 
Fleshy-fruited invasive species used in this study, categorised according to the 
Conservation of Agricultural Resources Act (Act 43 of 1983) invading Indian 





















Lauraceae 1b East Asia 
Duranta erecta Forget-me- 
not-tree 
Verbenaceae 3 America 
Lantana camara Lantana Verbenaceae 1b Central and 
South 
America 
Melia azedarach Syringa Meliaceae 1b Asia, 
Australia 
Morus alba White 
mulberry 
Moraceae 2 Asia 










Anacardiaceae 1b Brazil 
Solanum 
mauritianum 
Bugweed Solanaceae 1b South 
America  
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avian seed dispersal, including bird body mass, bill length, gape width, 
habitat specificity (forest specialist or generalist), frugivory (obligate or 
partial frugivorous), gregariousness (solitary or gregarious), foraging 
position (ground specialist; canopy special; various positions) and 
abundance (rare = 1; 2 = uncommon; 3 = fairly or locally common; 4 =
common; 5 = very common or abundant) from existing literature 
Table 2 
Functional traits recorded of fleshy-fruited plant species invading Indian Ocean Coastal Belt Forests in the present study.  















Avian species recognised as 
primary disperser reference 
Ardisia crenata 8.4 5.4 1.0 3 1200.0 1.5 Forest 2.1 Bromilow (2010) 
Ailanthus 
altissima 
5.7 4.0 1.0 4 325000.0 7.5 Forest 4.7 Kaproth and McGraw (2008) 
Cinnamomum 
camphor 
8.0 6.5 1.0 3 100000.0 25 Forest 4.6 Panetta (2001); Thabethe 
et al. (2015) 
Duranta erecta 7.0 3.5 4.0 4 25325.0 3.5 Forest 1.7 Milton et al. (2007) 
Lantana camara 4.0 3.0 1.5 4 856.0 2.0 Open 5.0 Corlett (2005); Jordaan 
et al. (2011) 
Melia azedarach 11.9 9.0 5.0 3 14756.0 12.0 Forest 3.0 Corlett (2005) 
Morus alba 9.1 1.8 29.0 4 86000.0 7.50 Open 3.0 Bromilow (2010); Thabethe 
et al. (2015) 
Psidium guajava 45.2 2.4 276.0 3 1326.0 3.0 Open 3.1 Bromilow (2010); Thabethe 
et al., (2015) 
Ricinus communis 20.0 7.0 3.0 3 84.0 3.0 Open 3.8 Invasive species specialist  




1.0 2.9 1.0 4 10000.0 4.0 Open 4.1 D’Avila et al. (2010);  
Dlamini et al. (2018) 
Solanum 
mauritianum 
13.7 1.5 182.0 4 150000.0 6.0 Open 4.1 Jordaan et al. (2011);  
Thabethe et al. (2015)  
Fig. 1. First two axes of Principle Component Analysis axes based on the invasiveness scores and seven functional traits influencing the seed dispersal of 11 fleshy- 
fruited invasive plant species invading Indian Ocean Coastal Belt Forests of KwaZulu-Natal, South Africa in the present study. The axes explained 62.3% of variance 
using PC1 and PC2. Ellipses indicate native ranges of the invasive plant species. 
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(Hockey et al., 2005; Supplementary Material Table S1). Gape width was 
measured using the bird species collection at the Durban Natural Science 
Museum, Durban, South Africa. For each bird species, we measured the 
gape size using digital callipers of 20 individuals (10 per sex); if there 
were fewer than 10 individuals, we measured as many individuals as 
were available. For all continuous covariates, we used the mean value of 
both the male and female, and also where a range of values was provided 
in the literature (c.f. Hockey et al., 2005). All the functional traits data 
were then compiled into a species trait matrix. 
2.3. Data analyses 
To identify relationships between functional traits of fleshy-fruited 
invasive plant species and avian seed dispersers in Indian Ocean 
Coastal Belt Forests, a Principal Component Analysis (PCA) was applied 
separately. Principal component analyses were used to visualise the 
distribution of the eight invasive plant species and the 58 avian species 
in relation to their functional traits. Data visualisation was performed 
using ‘ggbiblot’ and ‘factoextra’ in R Statistical Software (R Core Team, 
2018). 
3. Results 
The first two axes of PCA of the seven invasive plant functional traits 
explained 62.3% of the variation (Fig. 1). The first PCA axes (PC1) were 
positively correlated with the number of seeds and fruit size, and 
negatively correlated with habitat type and plant height (Fig. 1, 
Table 3). The second axes (PC2) were positively correlated with fruit 
size and seed size, which increased along the axes and negatively 
correlated with fruiting period length, crop size and invasiveness (Fig. 1, 
Table 3). Guava (Psidium guava) was separate from the other plant 
species in the ordination, which was explained by its relatively large 
fruit size and a high number of seeds (Table 3). The species in the lower 
right quadrant of the ordination were of American origin and consisted 
of lantana (Lantana camara), white mulberry (Morus alba) and Brazilian 
pepper tree (Schinus terebinthifolius) (Fig. 1). These plant species are 
generally characterised by a small fruit and small seed size, high inva-
siveness scores and long fruiting periods (Table 3). Plant species in the 
upper right quadrant of the ordination were of Asian and African origin 
included syringa (Melia azedarach), camphor tree (Cinnamomum cam-
phora), castor-oil plant (Ricinus communis) and coral bush (Ardisia 
crenata) which are characterised by relatively large seed sizes (>5 mm) 
(Table 2). 
The first two components of the eight functional bird traits influ-
encing the dispersal ability of 58 avian species in Indian Ocean Coastal 
Belt Forests explained 56.1% of the variability. The first axis of the PCA 
(PC1) explained 36.3% of the variation and was strongly positively 
correlated to the bird body mass, gape width and bill length (Fig. 2, 
Table 3). Avian species clustered in the upper quadrant of the ordination 
consisted of the speckled mousebird (Colius striatus), dark-capped bulbul 
(Pycnonotus tricolor), red-winged starling (Onychognathus morio) and 
thick-billed weaver (Amblyospiza albifrons). These avian species are 
medium-sized, common or abundant, forest generalised, obligate fru-
givores that flock (>20) or form small groups (>4) in Indian Ocean 
Coastal Belt Forests (Supplementary Material Table S1). The second axis 
explained 19.3% of the variation and was correlated strongly with 
abundance, gregarious and obligate frugivores and was negatively 
correlated with forest specialists (Fig. 2, Table 3). The species in the 
lower quadrant consisted of the tambourine dove (Turtur tympanistra), 
white-starred robin (Pogonocichla stellata) and brown scrub-robin (Cer-
cotrichas signata) which are forest specialists, uncommon or relatively 
common species, solitary or in pairs and partial frugivores in Indian 
Ocean Coastal Belt Forests (Supplementary Material Table S1). From the 
eight avian functional traits, there were sets of correlated traits. The first 
set included bird gape width, bill length and body mass. The second set 
included gregariousness and obligate frugivores. From the plant species 
traits, the first set of correlated traits included plant fruiting crop size, 
fruiting period length and invasiveness. The second set included habitat 
and plant height. 
4. Discussion 
Improving understanding and responding to biological invasions in 
terms of policy and effective management requires exploratory ap-
proaches that can be used for generalisation. Our study aimed to un-
derstand the invasion dynamics in Indian Ocean Coastal Belt Forests of 
KwaZulu-Natal Province, South Africa, using a functional trait-based 
approach. Among the fleshy-fruited invasive plant species, the varia-
tion of the traits described plant species fruit morphology (fruit size, 
seed size and the number of seeds), phenology (fruiting period length), 
fruit crop size and plant height. Our results showed that fleshy-fruited 
invasive plant species differed in their morphological traits that influ-
ence their seed dispersal ability. These variations showed a geographic 
association between the fleshy-fruited plants. These results were 
consistent with other studies that have shown that fleshy-fruited species 
vary in morphological and phenology traits that are important func-
tional traits influencing the interaction of fleshy-fruited plants with their 
avian dispersers (Symes and Downs, 2001; Chimera and Drake, 2010; 
Gosper and Vivian-Smith, 2010; Muñoz et al., 2017; Ramos-Robles et al., 
2018). Functional trait variations in plant species are driven by 
trade-offs of co-varying traits (e.g. seed size and fruit size) or other 
factors, and this can be beneficial to plants if the preference of dispersers 
varies (Muñoz et al., 2017; Zwolak, 2018). Fleshy-fruited invasive spe-
cies characterised by small seeds usually have more frugivorous visits 
compared with multi-seeded large fruits (Aslan, 2011; Muñoz et al., 
2017; Dlamini et al., 2018). Also, invasive plants species generally 
germinate faster than large seeds, especially in disturbed environments 
(Jordaan and Downs, 2012b). Avian frugivores prefer small-sized fruits 
so that they reduce handling time and maximise their daily energy 
(Symes and Downs, 2001). Plant species like lantana (Lantana camara), 
Brazilian pepper tree (Schinus terebinthifolius), and white mulberry 
(Morus alba) are generally open habitat species characterised by smaller 
seed size and fruit size (<4 mm) and bird species in the Indian Ocean 
Coastal Belt Forests may be benefiting from these plants species and 
facilitating their seed dispersal. Frugivorous avian species have been 
reported to prefer foraging in fleshy-fruited species that are along the 
margins of forest gaps (Mokotjomela et al., 2013). Therefore, the open 
habitat species have the advantage of having to have more frequent 
Table 3 
Eigenvector scores of fleshy-fruited invasive plants and Indian Ocean Coastal 
Belt Forests bird species in functional traits based on the first two axes of the 
Principle Component Analysis in the present study. Numbers highlighted in bold 
represent positive correlation or significant correlation.  
Plant species functional traits PC1(33.7%) PC2 (28.6%) 
Number of seeds 0.47 0.20 
Seed size ¡0.47 0.34 
Fruit size 0.36 0.44 
Habitat ¡0.49 0.08 
Fruiting period length 0.17 − 0.59 
Crop size ¡0.11 − 0.41 
Plant height ¡0.38 0.10 
Invasiveness ¡0.02 − 0.34 
Bird species functional traits PC1(36.3%) PC2 (19.8%) 
Body mass 0.51 ¡0.06 
Gape width 0.54 ¡0.13 
Bill length 0.52 ¡0.17 
Forest specialist 0.08 ¡0.38 
Obligate frugivore 0.28 0.39 
Gregarious 0.31 0.42 
Foraging position ¡0.05 0.07 
Abundance ¡0.02 0.67 
*P < .05. 
N. Bitani et al.                                                                                                                                                                                                                                   
Acta Oecologica 108 (2020) 103651
5
visitations by bird species. Another important trait of these species is 
long fruiting period lengths and relatively large crop sizes that may 
guarantee food availability to avian species. Fleshy-fruited invasive 
species with longer fruiting periods and large fruit crop sizes tend to be 
more successful as they provide fruits when native species are out of fruit 
(Aslan, 2011; Martin-Albaracin et al., 2018). Also, fruiting plant species 
with large crop sizes are more likely to attract highly frugivorous species 
so that they can maintain their daily energy requirements (Bender et al., 
2018). Therefore, these species have higher invasiveness potential as 
they can interact and be consumed by the entire communities as 
opposed to large-seeded species (syringa Melia azedarach, castor oil 
plant Ricinus communis, camphor tree Cinnamomum camphora) that can 
only be consumed by a few large bird species with a large gape width, 
which limits their dispersal ability. 
Among the avian species, there were variations in functional traits 
that influenced the ability of bird species to be effective seed dispersers. 
Firstly, variation related to the bird species morphology (mass, gape 
width, bill length) and secondly, variation related to the level of frugi-
vory, gregariousness, abundance, and forest-dependence. Variation in 
morphological traits of bird species results from environmental effects 
during developmental stages (Telleria et al., 2013) and anthropogenic 
related disturbances (de Assis Bomfin et al., 2018; Bovo et al., 2018). 
Variations in functional traits for frugivorous bird species relate more to 
body size (Bregman et al., 2016), abundance and gape width (Gonza-
lez-Castro et al., 2015) and level of frugivory (Carlo and Morales, 2016; 
Sebastián González, 2017). Therefore, disturbance may account for the 
variation in body mass of the bird species in this study. The most 
important and effective dispersers of fleshy-fruited invasive plant spe-
cies were potentially the abundant, obligate frugivorous and forest 
generalist avian species such as speckled mousebird (Colius striatus), 
dark-capped bulbul (Pycnonotus tricolor), red-winged starling (Ony-
chognathus morio) and thick-billed weaver (Amblyospiza albifrons). 
Dark-capped bulbul and speckled mousebird meet their daily energetic 
demands from the fruits of invasive plant species, particularly lantana 
(Jordaan and Downs, 2012b). Obligate frugivorous species are effective 
seed dispersers as they are associated with increased visitation 
frequencies and more interactions with fruiting species (Schleuning 
et al., 2011; de Assis Bomfim et al., 2018). However, increased visitation 
is not always associated with effective seed dispersal (Cordeiro, 2009). 
Their large gape width also allows for the consumption of a range of seed 
sizes. Size overlap between gape width and fruit size has been shown to 
be the most important in determining plant-frugivore interactions 
(Symes and Downs, 2001; Gonzalez-Castro et al., 2015). Consistent with 
our predictions, these patterns suggest that the more abundant forest 
generalists are potentially more effective in the seed dispersal of 
fleshy-fruited invasive species. 
In the present study, highly invasive shrubs were characterised by 
morphological traits that favour avian fruit selection. These open habitat 
shrub or trees plants are likely to be a major problem in Indian Ocean 
Coastal Belt Forests of KwaZulu-Natal, and that may not be dispersal 
limited, and this included lantana, Brazilian pepper, white mulberry and 
bugweed. Similarly, Indian Ocean Coastal Belt Forests in Durban are 
invaded by shade-intolerant invasive trees or shrubs that strive in can-
opy gaps (Mavimbela et al., 2018). The shade-tolerant species, namely 
castor-oil plant, syringa, camphor tree and coral bush are less likely to be 
a major problem in coastal forests as they are dispersal limited because 
of their relatively large seed size (>5 mm) in the absence of relatively 
large bird species with wider gape width. In forest systems, mammals 
provide complementary seed dispersal services to fleshy-fruited plant 
species (Corlett, 2017). Therefore, the large-seeded plant species may be 
benefiting from other dispersers like ungulates and primates within the 
Indian Ocean Coastal Belt Forests. Avian species showed variability in 
traits that influence the quality of seed dispersal, and forest generalist 
species were characterised with traits that favour fruit removal. The 
avian species potentially the most effective dispersers of the 
fleshy-fruited invasive plant species were the abundant forest generalist 
species that persist in fragmented forests. Therefore, future infestations 
are more likely to be along forest margins or within forest gaps. This 
highlights the importance of conservation strategies that aim to reduce 
habitat loss or forest destruction to create recruitment barriers of inva-
sive species that are not dispersal limited and reduce further in-
festations. The main limitation of a trait-based approach is that it 
Fig. 2. Principal Component Analyses of eight functional traits that influence the seed dispersal ability of 58 avian species observed in the Indian Ocean Coastal Belt 
Forests of KwaZulu-Natal, South Africa in the present study. The first two components explained 56.1% of the variance. Ellipses represent 95% confidence around 
the mean. 
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requires a strong understanding of the system (Brym et al., 2011). 
Therefore, the predictions of the present study are applicable to the 
Indian Ocean Coastal Belt Forests of KwaZulu-Natal, and this general-
isation should be applied cautiously in other systems. 
5. Conclusions 
Determining invasion dynamics in forests using a functional trait 
approach provides insights on the potential avian seed dispersers of 
fleshy-fruited invasive species and the potential distribution of alien 
plant invasions. In this study, we have shown that both fleshy-fruited 
invasive plant and bird species vary in their traits that influence seed 
dispersal interactions. The findings of this study have implications for 
conservation as screening of functional traits or measuring easily 
measured metrics can give insights on the invasive dynamics in forest 
systems. Using a functional trait approach showed the fleshy-fruited 
invasive plant species that are more likely to persist in fragmented 
coastal forests of KwaZulu-Natal are lantana, white mulberry, Brazilian 
pepper and bugweed. Opened habitats within forests should be moni-
tored for management as there are more susceptible to invasions by 
highly invasive plant species. Considering the functional differences 
between fleshy-fruited invasive plant species we suggest that forest 
management prioritise management of small-seeded invasive plant 
species with large fruit crop sizes and longer fruiting period lengths as 
they have a more invasiveness potential. These traits can also be used to 
determine species with a high invasiveness potential during screening 
protocols (Jordaan and Downs, 2012b). The findings of this study could 
be used as a baseline for creating a more complex functional-based 
model, including other guilds for predicting forest invasions. 
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